Abstract Common purslane (Portulaca oleracea), also known as pigweed, fatweed, pusle, and little hogweed, is an annual succulent herb in the family Portulacaceae that is found in most corners of the globe. From the ancient ages purslane has been treated as a major weed of vegetables as well as other crops. However, worldwide researchers and nutritionists have studied this plant as a potential vegetable crop for humans as well as animals. Purslane is a nutritious vegetable with high antioxidant properties and recently has been recognized as the richest source of a-linolenic acid, essential omega-3 and 6 fatty acids, ascorbic acid, glutathione, a-tocopherol and b-carotene. The lack of vegetable sources of x-3 fatty acids has resulted in a growing level of attention to introduce purslane as a new cultivated vegetable. In the rapid-revolutionizing worldwide atmosphere, the ability to produce improved planting material appropriate to diverse and varying rising conditions is a supreme precedence. Though various published reports on morphological, physiological, nutritional and medicinal aspects of purslane are available, research on the genetic improvement of this promising vegetable crop are scant. Now it is necessary to conduct research for the genetic improvement of this plant. Genetic improvement of purslane is also a real scientific challenge. Scientific modernization of conventional breeding with the advent of advance biotechnological and molecular approaches such as tissue culture, protoplast fusion, genetic transformation, somatic hybridization, marker-assisted selection, qualitative trait locus mapping, genomics, informatics and various statistical representation have opened up new opportunities of revising the relationship between genetic diversity, agronomic performance and response to breeding for varietal improvement. This review is an attempt to amalgamate the assorted scientific information on purslane propagation, cultivation, varietal improvement, nutrient analyses, medicinal uses and to describe prospective research especially for genetic improvement of this crop.
Introduction
The 'weed' purslane (Portulaca oleracea L.) is a weed of open agricultural habitats, especially in turfgrass and field crops areas [1, 2] . Although it does like plenty of sunlight, captures carbon via the C4 pathway and can revert to CAM under severe stress, is not sensitive to soil conditions and colonizes all kinds of soils [3] . Purslane has identified as so prolific due to its wonderful ability to produce seeds, even when the plant is in a very poor condition. The common purslane (P. oleracea) produces single or bunch of little yellow flowers at every nodes and ends of its stems but the ornamental one produces flowers of different colors. The blossom of common one remains open only for a while, but ensures the filled up capsule with numerous tiny black seeds that can remain alive as dormant for decades and even up to 40 years [4] .
The common purslane, also known as pigweed, fatweed, pulse, and little hogweed, is an annual succulent herb and is distributed widely among many ecosystems. It is native to Middle East and India. Some people used it (the whole above ground shoot) as a vegetable or salad in their dishes. Purslane is very similar in taste with spinach and used similarly. Purslane can be eaten green as mixed salad or cooked alone or with other vegetables. It can also be used to make soups or added to soups and stews. Green purslane has a slight mucilaginous quality that helps thicken stews. Some cooks actually pickle the thick stems. Purslane was called as 'verdolagas' in Latin cultures and frequently cooked with eggs [3] . For about 2,000 years purslane has been in menus in different parts of the world. It is a nutritious vegetable with high antioxidant and medicinal properties [5] , also rich in micro and macro minerals; especially high in potassium and magnesium, full of vitamins A, B and C [6] .
The purslane is a nutritious vegetable with high antioxidant properties and has been recognized as the richest source of a-linolenic acid, essential omega-3 and 6 fatty acids, ascorbic acid, glutathione, a-tocopherol and b-carotene. [6] , a-tocopherol, ascorbic acid, b-carotene and glutathione [7] . The lack of plant food sources of omega-3 fatty acids has resulted in growing interests to introduce P. oleracea as a new cultivated vegetable [8] [9] [10] [11] [12] [13] . Purslane is not only high in nutritional value, also highly adaptable to many different environments [14] . Danin et al. [15] showed that purslane flourishes in numerous biogeographical locations globally and it is vastly adjustable to severe drought, heat, saline and nutrient scarce environment. These characteristics give purslane a competitive advantage over many other cultivated crops and has led some to consider it as the 'power food for the future' [16] .
Many research articles have been published on purslane's survivability in drought and saline environment, its nutritional value and medicinal uses, however publications are rare on the improvement of this promising vegetable crops especially at the genetic level. Therefore, the main objectives of this review are (i) to highlight and briefly discuss future breeding and genetic improvement of this crop, (ii) to review available scientific information on purslane propagation, cultivation, varietal improvement, nutrient analyses and medicinal uses, and (iii) to suggest future research on purslane.
Purslane breeding: propagation and cultivation
There are various types of P. olercaea around the globe. Among them, approximately seven purslane cultivars (shown in the Fig. 1 ) are found in Malaysia (unpublished data). They are mainly morphologically different from each other. The wild-type purslane is very suitable for cultivation by seeds, while others (ornamental ones) by cuttings.
Propagation by seeds
In tropical countries, purslane seeds can be sown directly into the soil whenever you like but better is early spring or fall season of the year [3] . Normally seeds germinate within 1-2 weeks after sowing. Sometimes purslane seeds can show dormancy and remain alive and dormant for 5-40 years in soils [4] . Purslane is an annual plant and generally completes the life cycle (seed to seed) within 60-75 days (Fig. 2) . One interesting feature of common purslane plant is that, it can continuously produce flowers as well as seeds and sometimes can live more than a year under favourable environment, specially the cultivated/ ornamental ones.
Propagation by cuttings
Purslane can also be propagated from cuttings. Branches that have been cut off can be planted with the cut-end in damp potting soil or a soilless potting mix. The cutting will begin to grow almost immediately if the soil is moist. The performance of the common purslane plants propagated by cutting is not satisfactory. However, the cultivated/ornamental purslanes are suitable for propagation from cuttings and perform better compared to the common ones (Fig. 3) .
Tissue culture in purslane
The tissue culture technique has been subjugated to produce genetic variability and to rapidly augment the existing germplasms to plant breeders for crop improvement. Tissue culture methods are the division of a big assembly of approaches and expertises in molecular genetics which include recombinant DNA studies and genome characterization and have been successfully used to incorporate specific traits through gene transfer [17] . Moreover, tissue culture to obtain a three dimensional culture of tissue and/ or a culture obtained from diffused cells taken from unique tissue permits investigations of intracellular movement, intracellular instability, ecological interface, cell-cell interaction, genetics, and cell products and secretion. [17] . In vitro methods for the culture of anthers, microspores, ovules, protoplasts and embryos have been used to generate new genetic variation in the breeding lines, frequently using haploid production. Somaclonal and gametoclonal variants with crop improvement have also been created through cell culture. For the purpose of eradicating pathogens from plant propagules the culture of single cells and meristems can be used efficiently and thus radically improve the yield of newly developed cultivars. Recently millions of micropropagted plants are being afforded to the commercial ornamental market and the agricultural, clonally propagated crop market large-scaly through lots of mircopropation laboratories [18] . Reaching to the commercial market through plant breeding products is usually taking one or two decades with the selected laboratory materials. Thus the tissue culture technology can be expected to have ever growing impact on crop improvement as we approach the new millennium [18] .
For the first time, purslane plantlets have been regenerated in vitro successfully using petioles, shoot tips and leaves as explants [18] . This study was performed on two races of purslane; agronomic purslane and the wild type. MS basal medium supplemented with 30 g/L sucrose, 8 g/L agar and different plant growth regulators were used to culture the purslane explants. Petioles, shoot tips and leaves of wild purslane and also leaves of agronomic purslane were cultured in varied concentrations and combinations of IBA and cytokinin (BAP, both in the same four levels, 0, 1, 5 and 10 lM; collectively 16 treatments). On the other hand, nodal segments and shoot tips of agronomic purslane were cultured in different concentrations (4.44, 8.88 and 13.32 lM) of BAP or kinetin. The regenerated segments were rooted in medium containing three levels of IBA or IBA (0.0, 2.5 and 5 lM). The treatments containing 10 lM IBA in combination with 5 or 10 lM BAP were appropriate for callus induction from the leaves of wild purslane. Shoot regeneration directly from shoot tips or petiole explants of wild purslane was observed only in 10 lM IBA alone. Also, BAP at level 8.88 lM was observed to be the best treatment for shoot regeneration from nodal segments of agronomic purslane and IBA at 2.5 lM was found to be the best treatment for rooting of regenerated shoots in both races of purslane. An efficient, reliable and quick in vitro regeneration and flower production protocol has been developed by
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Seeds Seedling Sharma et al. [19] for this plant. They stated that cytokinins perform a significant role in plant regeneration and flowering in vitro. In vitro flowering may also have practical implications for improving the reproductive efficiency of purslane by hormonal manipulation.
Tissue culture technology of plants is playing a progressively more imperative task in fundamental and practical experiments, together with crop improvement [20] [21] [22] . Most of the extensively cultivated crops are at the end of their development by conventional methods due to the advancement of modern agricultural techniques. As an essential implement or as an accessory to other techniques together with recombinant DNA techniques; tissue culture technology can also be the forefront in purslane plant modification and up gradation.
Purslane is a potential vegetable crop
Since ancient times, purslane has been treated as only a noxious weed of vegetable crops and others. But worldwide research scientists and nutritionists have proved through their research findings that though it is widely considered to be a weed the potential nutritional and medicinal quality of purslane is much more than any other leafy vegetables.
Purslane has been reported to be a major potential fresh vegetable source of x-3 fatty acids (FA), a-tocopheroland antioxidant-active compounds [5, 23, 24] and because of this, there are new interests in purslane for cultivation as a food crop [16, 25] . Subsequent reports have confirmed the high levels of x-3fatty acids and traces of 22:5 omega-3 and 22:6 omega-3 [23, 26] . Purslane also contains high levels of a-tocopherol, vitamins A, C, B 1 , B 2 , b-carotene, Na, K, Ca, Mg, salts; nicotinic and oxalic acids, organic acids,; biflavonoidliquiritin and the noradrenaline [27] [28] [29] . Purslane has been opined in ''Botany in a Day: The Patterns of Plant Identification'' as an amazingly high in carbohydrates, proteins, x-3 and x-6 fatty acids, vitamin E and antioxidants [30] compared many other vegetables. Purslane also contains high amount of glutathione compound, an authoritative antioxidant and an immune system booster [31, 36] . Magnesium and potassium mineral containing foods have been reported to have antidepressant effects [67] . The purslane is also very rich in many other such types of different minerals including calcium, folate and lithium having with antidepressant value. Indeed, on a dry weight basis purslane [36] The higher total lipids, crude protein, and PUFA (poly unsaturated fatty acid) content in purslane than in most leafy vegetable crops suggested that purslane was a rich source of essential nutrients for human and animal nutrition contains up to a monstrous 16 % antidepressant compounds [32] . Several studies have also reported that the most important bioactive components of purslane are carotenoids, coumarins, flavonoids, alkaloids and monoterpene glycoside [33] [34] [35] . The abundance of high levels of these nutrients in purslane indicates its potential for becoming a new source of nutritious food for both humans and animals [36] . Some important research findings from the published literature regarding the nutritional constituents of purslane have been summarized in Table 1 .
Medicinal values/uses of purslane
Purslane is not only a very good vegetable crop but also has a wide range of pharmaceutical importance. It has been using as a remedy from the prehistoric period in different places of the world [3, 51] . The traditional medical acquaintance with its comprehensive schemes approach sustained by empirical stand is able to supply as an inventive and dominant detection mechanism used for newer, safer and affordable medicines [47] . From the published research reports, this herbaceous plant is deemed to having frigorific, depilatory, antiscorbutical, aperient and diuretic properties [47] . Research report published to having powerful pharmaceutical activities for instance hepatoprotective, palliative and anti-inflammatory, antidiabetic, neuropharmacological, wound remedial, bronchodilatory, antihypertensive, antioxidant and lots of other accounted natural manners [50, 51, 53, 54, 56] . In this part, we have tried to compile a brief description regarding the pharmacological importance of this plant from the published literature. Gong et al. [41] reported the effect of crude polysaccharide isolated from purslane (CPP) on total cholesterol (TC), blood glucose, triglyceride (TG), high-density lipoprotein cholesterol (HDL-c), serum insulin levels and total body weight and were examined and CPP treatment resulted in a significant decrease in the concentrations of fasting blood glucose, total cholesterol and TG. Regarding the neuropharmacological actions of purslane, Radhakrishnan et al. [48] reported the numerous effects on both the innermost and marginal nervous system of P. oleracea var. 'sativa'. The analgesic and anti-inflammatory activity of Portulaca species has been described in earlier reports [49] [50] [51] and it is one among the few plants accounted to restrain L-dopa and noradrenaline hormones. These hormones lessen blood loss at the tissue level, signifying a realistic systematic origin for the plant's utilized in customary Chinese drugs to prevent postpartum haemorrhages [52, 56] . The antimicrobial activity (against different species of bacteria, fungi and yeast) of purslane extract was discovered and reported by Banerjee et al. [54, 55] and Oh et al., [55] . Portulaca oleracea accelerates the injury remedial progression by declining the exterior vicinity of the lesion and escalating the ultimate potency was reported by Rasheed et al. [56] , and Mubashir et al. [56, 57] . The antihypertensive action of watery extract of P. oleracea was first reported by Parry et al. [58] [59] [60] and then Mubashir et al. [57] . Verma et al. and Mubashir et al. [57, 61] reported the antifertility effects of alcoholic extract of P. oleracea seeds. The research results of Karimi et al. [62] recommended that P. oleracea has gastroprotective activity and validates its utilization in kindred drugs for gastrointestinal disorder. The boiled extract of purslane was examined for the bronchodilatory activity against asthmatic patients and observed momentous augments in all deliberated pulmonary function [57, 63] .
Biochemical properties suggest that P. oleraceae can provide efficacious treatments for controlling intestinal parasite loads [64] . Lans [65] reported that, P. oleraceae is a plant with ample evidence to sustain their customary use for urinary trouble among many other medicinal plants. Portulaca oleracea showed the aptitude to effectively eliminate bisphenol A (BPA), which is well identified as an endocrine disrupting compound containing estrogenic properties [57, 66] . Studies conducted by Wang et al. and Dong et al. [67, 68] regarding the hypoxia tolerance activity of purslane stated that P. oleracea extracts have defensive property on hypoxic nerve tissue. In 2011, it has again been proved by Mubashir et al. [57] . The neuroprotective activity of purslane plant extracts was described by Hongxing et al. [69] and Wanyin et al. [70] . The antinephrotoxic activity of aqueous and ethanolic extracts of purslane were tested on cisplatin persuaded renal toxicity and changes in renal function were reported by Gholamreza et al., [70] and Mubashir et al. [57] . Movahedian et al. [71] reported the usefulness of hydroalcoholic extract of P. oleracea leaves for the treatment of hypercholesterolemia. Furthermore, Okwuasaba et al. [72] and Parry et al. [60] determined the skeletal muscle relaxant properties of the watery extract of purslane. The antihyperglycemic activity of P. oleracea for reducing blood sugar level was reported by Akhtar et al. [73] .
Purslane as a potentialvegetable crop produced with drought and salinity stress Drought and salinity are the two most serious abiotic factors among all other abiotic stresses [75, 83] . The escalating incidence of dry periods in several parts of the glove and the troubles coupled with salinity in irrigated areas repeatedly result in the successive incident of drought and salinity on cultured land. At present, about 50 % of irrigated land in the globe is affected by salinity, having at least twice the productivity of rain-fed land and may produce one-third of the world's food [74, 75] . The worldwide crop productivity intimidate by both drought and salinity. Water shortfall or osmotic effects are possibly the main physiological mechanisms for growth diminution as both stresses lower the soil water potential. Nevertheless, salinity and drought differentially affect and limit crop production to a great extent in plants. Nutrient uptake by roots and transport it to the shoots both are reduced by drought stress which restricts transpiration rates and damage the energetic transport and membrane permeability [76, 77] . The overall plant growth and ultimate yields are also badly affected by salinity stress causing osmotic pressure, specific ion effects, nutritional imbalances and the combined effects of those factors [78, 79] . The distribution rate of nutrients in the soil to the absorbing root surface is decreased due to the declining of soil moisture [77, 80] . Drought, salinity and such other related factors cause detrimental effects on plant growth and development at physiological levels [81, 82] and at the molecular level [83, 84] resulting poor growth of plants which ultimately affects crop yields even cause death of whole plants. Portulaca oleracea is highly adaptable to many different environments [14, 86] . Danin et al. [15] showed that P. oleracea flourishes in numerous biogeographical locations worldwide and is highly adaptable to many drought, saline and nutrient-deficient conditions. These characteristics give P. oleraceaa competitive advantage over many other cultivated crops [14] . The purslane has already been proved as more salt-tolerant than any other vegetable crop (12, 85) . One important finding is that purslane can produce enough biomass under moderate salinity stress which other vegetable crops cannot [85] .
The research results of salinity and drought tolerance of purslane have been summarized in Table 2 .
Conventional, biotechnological and molecular approaches
Purslane is still considered as a weed in most countries. Therefore, systematic efforts to improve this potential crop have taken place and improved lines with enviable characters for definite cropping environment are not available. Due to the limited genetic diversity in purslane, the attempt to genetic improvement of purslane should aim through molecular and biotechnological approaches with more emphasis on high vegetative yield (through increased numbers of vegetative branches and leaf production), delayed in crop maturity, tolerance/resistance to diseases and pests, and more tolerance to salinity and drought stress. By the way, genetic diversity analysis in wild species among the diverse collected samples and selection of the superior genotypes is a potential way of purslane improvement. Several other advanced technological methods such as; mutation breeding, gene transfer through inter-specific hybridization and biotechnological approaches mainly molecular marker assisted selection breeding to bring the changes in desired traits. Comprehensive work on purslane sample collection, categorization and assessment of germplasm for growth, morphology, physiology, seeds or seedling characteristics and yield components are still scanty. To make this novel plant popular among consumers, exploration and documentation of general characteristics and subsequent introduction and demonstration of all novel qualities in comparison to other leafy vegetables are also important in addition to genetic improvement.
The availability of genetic variability for required traits is the key success for any genetic improvement program [94] . Numerous improvement techniques such as global exploration of genetic resources, introduction, categorization and their evaluation will present a powerful foundation for development of elite varieties. Desired species and regional adaptability trials contribute elementary information for additional breeding and genetic improvement Portulaca oleracea was rated the highest salinity stress tolerant species among others Hamidov et al. [89] The golden purslane (P. oleracea) is a potential plant to eliminate elevated quantity of salts from loamy soils Yazici et al. [12] P. oleracea L. acted in response to salt stress by increasing their proline accumulation and antioxidative capacity Kafi and Rahimi [85] The purslane is considered as a vegetable crops and capable to grow up is NaCl stressed environment Grieve et al. [90] Purslane is highly tolerant to both chloride-and sulfate-dominated salinities Teixeira and Carvalho [91] Purslane is moderately tolerant to environment of modest salinity stress, thus developing its budding to turn into a major vegetable crop for animal and human consumption Rahdari et al. [92] Reported purslane plant as highly resistant to environmental stresses and can be used as a medical plant in salt-affected regions with water limitations Franco et al. [93] Purslane may be an appropriate crop to grow in areas where the irrigation water is saline and solar radiation levels are high
activities [95] . Superiority should be given to evaluate intra and inter accessional diversity in the existing germplasm selection of pure lines and then duplication.
Genetic studies of traits
Although selection based on seed characters of purslane would simplify the task, there still subsist a number of precincts and uncertainties because of very low or no seed production by the ornamental purslane cultivars and the concerned genes of interest. Understanding of genetic discrepancy in physiological and nutritional especially high antioxidant property contents, salinity and drought tolerance and yield attributes in different purslane germplasm can be of immense prospective in improvement strategies. This is principally significant in selection of genotypes with more vegetative branches and yield as shoot biomass yield is important for purslane and more branching attribute to more biomass yield. Therefore a wide-ranging collection of germplasm from selected cultivars, their maintenance and the assessment program of diverse purslane accession is indispensable to recognize prototypes of inconsistency.
Phenotypic diversity studies
Analysis of phenotypic variability in germplasm collections can enhance consistent categorization of accessions and recognition of those with prospect efficacy for defined breeding ideas. There are a small number of studies on phenotypic variability concerning an inadequate number of germplasm and their recommended utilize in hybridization program. A wonderful methodology for the identification of elite lines considering their phenotypic characteristics recorded in situ have been developed by Sunil et al., [96] . This method can be used for purslane phenotypic diversity studies.
Genetic diversity in plants and its importance to crop improvement
Biodiversity refers to the variations within the living world while genetic diversity is the sum of genetic characteristics within any species or genus [97] . Plant diversity denotes the multiplicity of plants that exist on the globe. Plants, in order to survive, have to compete with other plants and organisms in an ecosystem. Over time, they have developed various characteristics to help them survive, which leads to plant diversity. The study of plant genetic diversity involves the development of new tools and ideas used to reveal genetic variation, often from very different perspectives. Genetic variability is the elementary basis of biodiversity. Among individuals genetic diversity replicates the existence of diverse alleles in the gene pool, and consequently, unlike genotypes within the inhabitants. Genetic diversity should be eminent from genetic variability, which illustrates the inclination of genetic traits originate within populaces to differ [97] . There is a substantial genetic variability within and between natural populations. Population geneticists attempt to determine the extent of this variability by identifying the alleles at each locus and measuring their respective frequencies. This diversity offers a genomic suppleness that can be utilized as an elementary stuff for adaptation. In contrast, one of the consequences of low genetic variability could be the incapability to deal with biotic and abiotic pressures. From the growing knowledge of the genome sequences of organisms it becomes evident that all forms of diversity have their origin at the genetic level. In this context, genetic diversity analysis provides vital and powerful data that leads to a better understanding of genetic variation and improved conservation strategies.
It is essential to have regular assessments of the conservation status of all plant species, in order to prioritize those in need of conservation action and to provide a measure of the success of actions being taken. The improvement of cultivated plants considerably depends on the extent of genetic variability available within the species. The genetic variation that exists among plant populations is a basic requirement for efficient development and improvement of such populations through breeding. It also indicates whether a population can withstand changes in the environment, which are mostly altered in an unpredictable way. Molecular studies have been shed light on the relationships within and between plant species. The extent and nature of genetic diversity of plants has been investigated by typing DNA markers in a set of individuals of a species. DNA markers such as Restriction fragment length polymorphism (RELP), random amplified polymorphism (RAPD), amplified fragment length polymorphism (AFLP), simple sequence repeat (SSR), sequenced characterized amplified region (SCAR) and inter simple sequence repeat (ISSR) have been used to assess genetic diversity of plants [97] .
Genetic diversity in purslane
There are various types of purslane available in different locations of the world (Fig. 1) . Those variations are not only phenotypic or physiological but also genetic. The genetic diversity of purslane has been identified in different studies based on tolerance of drought, heat, salinity and nutritional conditions [98] . Girenko [98] first time expressed the intra-specific variability and composition of purslane cultivars in a range of climatic zones of the Canadian Iris Society, together with a different set of data of agricultural significance. Ren et al. [99] conducted experiment with different purslane accessions collected from diverse geographical locations and stated the drought tolerant and AFLP-based genetic diversity within and among purslane accessions. They collected 10 different purslane samples: Keren and Tokombiya (from Eritrea), POS, PO and Turkey (from Turkey), Golden G and Golden T (from Netherlands), Golden E (from UK) and wild accessions Egypt (Egyptium) and Greece (Wild Greece) and these were evaluated using AFLP fingerprinting with dissimilarity among diverse purslane samples regarding drought tolerance at the seed germination, seedling and adult stages. Tokombiya was recognized as the most drought tolerant accession at mature stage. Due to the global warming, it is a great challenge to identify and develop new crop varieties which are genetically tolerant to drought and heat. In this regard purslane is a very potential and promising vegetable crop that can withstand biotic and abiotic stresses and can therefore be used as the genetic material for crop improvement.
Michael et al. [36] conducted an experiment examining the morpho-physiological and nutritional diversity of eight purslane accessions collected from different geographical locations namely P. oleracea, P. sativa, Golden Ger-ber (GG Dutch), Golden (G England), and wild (W) accessions (Beltsville, Egyptian and Greece) and found significant differences in the percentage of crude protein, total lipids, essential fatty acids, carbohydrates and ash. Crude protein levels in Gn Dutch (25.0 %), W Greece (25.1 %) and P. oleracea (24.6 %) were significantly higher than those of W Beltsville (21.6 %) over the three-year period. These findings demonstrate that there is significant nutritional diversity among the collected purslane accessions, allowing selection of better parents for a future breeding program.
Another study by Yan et al. [40] examining essential fatty acid variation among different purslane cultivars, showed significant differences in the amount of saturated fatty acids (palmitic and stearic), monounsaturated fatty acid (oleic) and two poly-unsaturated fatty acids; linoleic and linolenic acids among the P. oleracea accessions in both leaves and stem. Fatty acid content and genetic diversity were highly variable among P. oleracea accessions. Variation in fatty acid composition and other traits in P. oleracea suggest that it is possible to select for phenotypes with multiple desirable traits, such as taste, leaf and stem structure, growth rate and tolerance to abiotic and biotic stresses [40] .
Lokhande et al. [100] studied the morphological and molecular variability among 14 species of Sea purslane (Sesuvium portulacastrum L.), a halophyte used as renowned species in sand dune fixation and for harmonizing of salt affected soils. Significant dissimilarities were found for morphological characteristics viz., plant height, stem diameter, internode distance and leaf area among them. The molecular variability studies showed wide disparity among the Sea purslane clones, revealing a elevated level of diversity within the species which might be due to anthropogenic force and geographic ecological situation. All these findings are the key materials for scientists and breeders for the genetic improvement of purslane and to select this crop plant as a powerful candidate against all types of environmental stresses.
Selection and genetic improvement
Selection and breeding is the core activities for genetic improvement programs. Purslane is a self-pollinated but frequently cross-pollinated bisexual plants and thus the subsequent genetic upgrading approaches can be applied to harnessed genetic diversity in purslane: (i) mass selection and recurrent selection; (ii) mutation breeding; (iii) heterosis breeding and (iv) inter-specific hybridization.
Mass selection and recurrent selection
Mass selection is the easiest, oldest and simplest method of selection where independent better plants are selected according to their phenotypic traits and performance and bulk seed is used to grow the descendants for genetic improvement. To construct genetic expands by this procedure, there must be a productive progeny-parent regression which in succession depends wholly upon the consequence of the ecological belongings in the parental inhabitants. Nevertheless, mass selection has a key weakness of need of control of the pollen source, puzzling upshot of the surroundings and deduced inhabitants size leading to inbreeding depression. But these weaknesses can be occupied by making physical isolation barrier of substandard and crossing with of bulked pollens of superior plants.
Recurrent selection schemes are invented in association to heterosis breeding and may be valuable to improve specific combining ability in purslane by overcoming all the insufficiencies of mass selection. The initiative is to confirm the separation of the better inbred from the population subjected to recurrent selection for their ultimate use in the production of hybrid and synthetic varieties. Hypothetically, recurrent selection is a breeding method for escalating the occurrence of wanted genes within a population while preserving adequate diversity for continual Mol Biol Rep (2014) 41:7395-7411 7403 selection. For purslane improvement this conventional technique can be very helpful for the transfer of desired genes to another cultivar for improved variety development.
Mutation breeding
Mutation is an immediate heritable alteration in a character as an effect of modification in the genetic material. Mutations take place in innate populations at low rate and are commonly recessive and random. However, mutation breeding is not focussed and lengthy strained but is one of the existing alternatives for genetic improvement of purslane with humble intensity of diversity. To proceed in forced mutation breeding; physical and chemical mutagens have to be used to create mutation and genetic variation. Mutations for a range of traits have to characterize using molecular markers. The newly developed cultivars through mutation may not be appropriate for releasing directly as a variety, but essential alleles can be achieved from the mutants for producing better cultivars with enviable traits.
Heterosis breeding
The utilization of heterosis is a general purpose in plant breeding [101] . The improved performance of progeny in contrast with their relevant parents is termed as heterosis. Specifically, offspring resulting from hybridization are superior to either of their two parents. Already heterosis breeding has been successfully used in the improvement of many crop plants. The knowledge from heterosis breeding can be used for purslane improvement.
Inter-specific hybridization
Crossing of two different species within the same genus is called inter-specific hybridization. The premature inspections that inter-specific hybridization would be a solution for crop improvement constraints have mostly been dismissed. It is rare and far from being a common phenomenon without heterosis in hybrids. Transferring desirable genes from one species to another is possibly the more expectant and the most useful contribution of inter-specific hybridization. Information on usual hybridization are pretty infrequent (e.g., Kim and Carr [102] stated a recognized hybrid between P. oleracea and P. lutea in Hawaii, with a chromosome number of 47), which indicating that allopolyploidy is exceptional. The inter-specific hybridization techniques have been used in many crops to solve the normal hybridization problems [103] and this knowledge will be helpful for purslane improvement.
Genetic transformation in plants for crop improvement
Primary productivity through plant photosynthesis is the prime stage in each food chain; thus, human being and other animals are entirely reliant upon plants for their stamina. It is very necessary to increase in plant production to meet the rising requirements for food. Proper application of advanced plant biotechnologies, together with gene transfer into crop plants, proposes momentous compensation over conventional plant breeding in developing improved crops. The fabulous progresses made credible through genetic engineering are keys to attaining crop production gains needed to meet up amplified global food demands. A constant food delivery conserved through increased crop production is essential to the countrywide interests. Preclusion of food scarcity in susceptible developing nations through increased crop production prevents a harmful undermining menace to the governments of those nations. The development of more nutritious and better tasting foods will also lead by the blessings of genetic engineering. In addition to the opportunities in increased food production, plant biotechnology might also contribute to the development of new medicines, additional resourceful production and use of biofuels and superior production of fibre materials for clothing and building equipments and other non-food purposes.
The ability of genetic material to move into an organism and thereby alter its genetic makeup is referred to as genetic transformation. Techniques in genetic transformation play a vital role to both in basic and applied molecular biology. The appliance of traditional or classical methodology has created noteworthy attainments in most important food crops including in the enhanced production of valuable plant secondary metabolites. Conjugation is the natural process of bacterial reproduction through which the exchange of genetic information is occurred from parents to their new progeny. The single celled nature of bacteria is an advantage to use them in order to incorporate new genetic information to the next generation. Exchanging of genetic information permits the organism considerably augmenting the adaption capability to environments. Due to multicellular nature of plant species especially for cereal crops the genetic transformation is very challenging and difficult too. The insertion of new information completely into each cell of multicelluar plants through transformation is also very complicated. By the way for the purpose of transformation of higher organisms such as plants firstly an individual plant cell is transformed and the whole organism is regenerated. The regeneration of whole organism/plant from an individual cell is known as the pluripotent nature of plant cells and i.e., a single cell can grow a whole plant. In nature genetic transformation is plants are occurring by many microorganisms mostly by different strains of bacteria. Viruses are also capable to move DNA (or RNA) into an organism and cause significant changes in genetic makeup of plant cells. Two types of soil bacteria, such as Agrobacterium tumefaciens (tumor inducing bacteria) and Agrobacterium rhizogenes (root inducing bacteria) are the great examples of natural transformation systems vastly known as the cause of ''grown gall'' disease and ''hairy root syndrome'' respectively. Naturally Agrobacterium is able to transmit a portion of its own DNA (termed as 'T-DNA' or 'transfer DNA') into plant cells. In case of A. tumefaciens this usually happens at the injured sites and the transmitted DNA portion causes the plant to develop crown gall disease. In conjunction with causing this gall, the Agrobacterium harnesses the plant's mechanism to produce exclusive sugars called opines that the bacterium uses as a nutrient supply.
Commonly used genetic transformation techniques
Plant genetic transformation is performed by physical, chemical and biological agents. Some of the commonly used plant genetic transformation techniques are briefly described here.
Agrobacterium mediated gene transfer
The A. tumefaciens mediated transfer of Bt genes from bacteria to plants using bacterial plasmid vector is the latest, most propitious and widely used technology to introduce foreign genes into plant cells.
Conjunction
Conjunction method is the ordinary microbial recombination procedure of gene transfer. In this process of transformation a single strand of DNA is transferred through cytoplasmic bridges from one bacterium to another bacterium while mating together with. The bacteria is capable to express different while they carry different DNA is a useful traits desired for plant improvement.
Particle gun/particle bombardment/biolistic method The desired DNA coated with gold or tungsten micro projectiles are hastily blasted into cells. Sometimes there have some intracellular organelles, cells and tissues are impervious to alien DNA, mainly plant cells. In such cases the gene gun machine is used to transfer of desired genes. Whereas the particle bombardment method together with biolistic method is a frequently used technique for genetic transformation of plants and other organisms.
Electroporation method
In this method cells are assorted with desired DNA construct and then exposed to pulses of high electric voltage in a brief to hasten the membrane and cell wall permeability to DNA contained in the surrounding solution. The host cell membrane then becomes penetrable to allow the alien gene to enter the host cell. Some of these cells will incorporate the new DNA and express the desired gene.
Microinjection method
An ultrafine needle is used in this method to inject the desired DNA directly into the cell nucleus. This method is mechanically controlled by microscope for the direct introduction of DNA into the targeted plant cells within a multicellular structure such as embryo, ovule and meristematic cells or a distinct partition of a cell.
Poly-ethylene glycol (PEG) mediated gene transfer
Poly-ethylene glycol is used to treat plant cell protoplasts to make it permeable allowing to uptake of DNA from surrounding solution. As a drug delivery system liposomes (an artificial lipid vesicles surrounded by synthetic membrane of phospholipids) have been used in animal cell culture. The liposomes can be induced with PEG to fuse protoplast for the purpose of gene transfer where endocystosis of liposomes is occured to enter the DNA into protoplasts. Three steps are involved although the transformation process; adhesion of liposomes to the protoplast surface, fusion of liposomes at the site of adhesion and release of plasmid inside the cell.
Use of genetic transformation techniques for purslane improvement
The first successful genetic transformation of P. oleracea L. callus mediated by A. tumefaciens was done by Yan et al. [104] . There the callus was induced from the leaves of P. oleracea L., and was used for genetic transformation mediated by A. tumefaciens. The resistant callus was screened and confirmed to be a transformant by GUS histochemical assays and PCR. It showed that genetic transformation of P. oleraceacallus mediated by A. tumefaciens was entirely feasible. Different research findings have proved that Portulaca has many good qualities especially salinity and drought tolerance. Therefore this successful transformation will be the key for further research aimed at transferring the salinity and drought tolerance gene to other crops to get the desired phenotype.
The first time from purslane leaves and seeds Teixeira et al. [105] successfully isolated two cDNA clones of Pole-FAD 2 and one cDNA clone of Pole-FAD 6 , encoding x-6 fatty acid desaturases, which are the core enzymes for the conversion of oleic into linoleic acid. They also proved that, the isoforms of the both cDNA clones of Pole-FAD 2 were highly similar with other microsomal x-6 desatuarates and then to Pole-FAD 6 or other plasmid orthologues, and vice versa. The RT-PCR expression analysis results also confirmed the expression of all the genes in all the tissues of purslane but only in the reproductive organs and cells the higher levels of mRNA accumulation were observed. In purslane leaves the levels of mRNA accumulation of both FAD 2 and FAD 6 genes were affected by wounds and at transcript level only FAD 2 gene were affected by chilling injury.
The expression prototypes detected imitate the distinct function of these genes in membrane synthesis for cell division, thylakoid development, and lipid storage or in the biosynthetic pathway for the production of signalling molecules that influence plant development or defence. The purposeful utilization of these two genes can contribute a lot to develop temperature and mechanical injury resistant purslane cultivars as well as to introduce these genes through recombinant technology to other economically valuable crops to improve their resistance to such stresses. Already such approach has been successfully applied to tobacco plants [106] .
QTL mapping for the improvement of purslane
A region of the genome is referred to as quantitative trait loci (QTL) that is associated with an effect on a quantitative trait. These traits are controlled by a single gene or a group of multiple genes that affect the trait, each segregating in agreement with Mendel's laws. Fluctuating degrees of environment can also influence these traits. With the advent of molecular DNA markers, several QTL mapping studies have been carried out successfully and reported in most crop plants for diverse traits including yield, insect and disease resistance, abiotic stress tolerance and environmental adaptation. Rice is the appropriate example where several numbers of genes have been isolated using map based cloning such as; for yield contributing characters, including tillering [107] , number of grains/panicle [108] and grain weight [109] . In recent times the clustered QTLs have been described for source leaf size and yield traits in rice [110] and QTL pyramiding have been carried out for improving rice yield and quality [111] .
Marker assisted breeding program has also been applied taking advantages of the functional information on these genes or QTLs influencing agronomic characters of significance [112] . All these molecular techniques can be used in purslane genetic improvement especially for high yielding or hybrid variety development within a very short time and incorporating all the qualitative and quantitative characters. It has been already reported that there are so many such novel characters (especially drought, heat and salt tolerances) in purslane and those are controlled by certain genes. So QTL mapping can enumerate those genes contributing to a certain trait and estimate their relative importance. However, QLT mapping requires a amalgamation of advanced molecular genetics pathways and authoritative statistical methods as there are many issues that affect QTL mapping such as population type and size, level of phenotypic data replication, genotyping errors and environmental effects [113] .
Gene sequencing and purslane improvement
The genomic information of purslane is still insufficient. Diploid chromosomes are with most species having 2n = 18, 36, 54 and the base chromosomes are x = 9, 18 and 27 (i.e. they can be diploid, tetraploid or hexaploid) depending on different species [114] . So, it is promising candidate for genome sequencing. In plants as well as in many important eukaryotes the genetic characterization and genome sequencing has already been done. This sophisticated technology characterizes each targeted species leading to a thorough analysis of the affiliation between gene activity and the genomic structure. The process has also expedited the recognition of genes equivalent to phenotypes, which distinguishes one species from another within the same genus or other narrowly related genera.
Genomics has already modernized many features of fundamental study which has resulted in various amazing biological innovations not only in agriculture, but also in medicine and other biological fields of study. So, it is very important to conduct potential research with purslane for large-scale genome analyses through aim of categorizing genes basically important to agriculture and medicinal aspects. These consist of genes related to yield performance, antioxidant and nutrient properties, tolerance to biotic and abiotic stresses, and other significant agronomic traits which are either orthologous amongst vegetable crops or distinctive to every crop.
Marker assisted selection (MAS) breeding for purslane improvement
Molecular marker-assisted selection is an indirect selection process, basically known as marker-assisted selection and engaged selection of plants bearing genomic segments that are occupied in the expression of desired traits that can be detected using DNA markers [115, 116] . The development and availability of genetic markers and dense molecular genetics maps for crop plants, MAS has turn into feasible for quantitative characters, governing through two or several genes and their surroundings. MAS cannot quantify the level of a trait under investigation (e.g. disease) but can identify the major genes contributing to the trait select the individuals with a disease [116] . The hypothesis is to connect alleles associated with the gene and/or QTL of significance. Those traits which are complicated to determine, reveals low heritability and/or expressed late in development MAS can be useful there.
With the advancement of DNA technology and utilization of molecular markers in traditional breeding programs has also boosted up the correctness of crosses and permitted breeders to develop strains with collective traits which were previously unattainable [117] .
The purslane has some very good qualities already studied by several scientists and well accepted especially drought, heat and salinity tolerance in that plants. And those qualities are mostly controlled by genetic factors. In MAS breeding, several types of markers are used such as morphological markers, biochemical markers and molecular or DNA markers. Among these there, biochemical and molecular markers are very effective and reliable in MAS breeding. Molecular or DNA marker works on the basis of spontaneously occurring polymorphisms in DNA sequences (for example; base pair additions, substitutions, deletions or patterns) [118] . Molecular marker based methods such as SSR, ISSR, RAPD, AFLP, RFLP, decay-accelerating factor (DAF) and SCAR etc. have been used to identify and magnify polymorphisms so that they can be utilized for breeding study. Marker assisted selection is comparatively easy to distinguish, plentiful all through the genome even in hugely bred cultivars, absolutely autonomous to ecological circumstances and can be identify at almost all stages of plant growth. In that case selection of molecular markers is very important and must meet six criteria [119] . They must be: (i) polymorphic (ii) display co-dominant inheritance (iii) indiscriminately and repeatedly disseminated all through the genome (iv) simple and low-priced to detect (v) plentiful in numbers and (vi) reproducible.
Several scientists already have used RAPD and AFLP markers only for diversity analysis of purslane. Further work is needed to develop DNA-based markers linked to a-linolenic acid (ALA) production and molecular markers which could be used to facilitate the breeding of high ALA varieties. There is also a possibility that the specific genes controlling ALA production in P. oleracea could be identified and cloned. For example, Zhou et al. [111] isolated a x-6-desaturase gene from Echiumplantagineumand expressed the gene in tobacco plants and yeast. There was approximately double the production of stearidonic acid (SDA) and c-linolenic acid (GLA) in plants [111] . Use of a similar procedure in P. oleracea could enable breeders to introduce desirable genes to other edible plants. So obviously there are great possibilities to use MAS breeding to identify the genes responsible for drought, heat and salinity tolerance as well as genes for specific nutrient content in that plant. Then these genes can be introgressed into other crop plants for their desired improvement too. Teixeira et al. [105] already have identified and isolated two genes (FAD2 and FAD6; x-3 fatty acid desaturase genes) from leaves and seeds of purslane. They reported the functions of these two genes in cell division, thylakoid development, and lipid storage for the purpose of membrane synthesis. These genes may also be involved in the biosynthetic procedure for the production of signalling molecules that affect plant growth or defence which could contribute to purslane resistance to temperature and mechanical damage.
Future strategy for genetic improvement of purslane P. oleracea is yet in its beginning stage concerning genetic improvement for escalating yield and human nutritional quality. Genetic improvement manners still have implicated only selection and collection of locally available germplasm and thus schemes to assess worldwide germplasm are essential to investigate the prototype of variability for diverse traits. Genetic improvement through traditional breeding advances has to be launched at numerous research areas and incorporated with the advanced biotechnological and molecular approaches to reduce duration and enhance competence of breeding. Genes or markers associated with ALA could be identified through molecular approaches. Improvement of methodologies such as mutations, somoclonal variants, doubled haploids, gene transfer and molecular marker assisted selection which support plant breeding exercise should be inspected. Same as to other crops, heritability of seed characteristics is the most general predictor of genetic achievements for diverse breeding practices in purslane. Because of the lack of genomics of purslane, application of information from similar other crop genomes may be used in marker assisted breeding program, QTL mapping with other molecular approaches to speed up and harmonize conservative breeding. Research activities should be emphasized on genetic transformation which is principally significant for characters for which diversity is nonexistent in the cultivated species.
Conclusion
The published literature documents that purslane could be an important vegetable and medicinal herbs with varied nutritional and pharmacological spectrum. Purslane is an attractive candidate as a useful vegetable crop and as a cosmetic ingredient containing elevated quantity of nutrients, high rich in antioxidant properties (mainly vitamin A and C, glutathione, b-carotene and a-tocopherol) x-3 and x-6 fatty acids, and its antimicrobial effects together with wound healing capacity and in addition to its classical application in the relevant remedy of provocative circumstances. The available cultivars of purslane show potential and are productive when cultivated in any type of land, home garden or even on roof gardens using plastic or earthen pots with minimum inputs and labor. However considering the global environmental changes, initiatives to develop new high yielding and more stress tolerant varieties. Therefore research to extend its cultivation, its uses and to strengthen the commercial production of this novel vegetable crop is now needed. Researchers globally have so far emphasized morphological, physiological, nutritional and medicinal aspects of purslane. Researches regarding genetic improvement of this novel plant are vital now. The most reliable and efficient molecular approaches like MAS breeding, QTL mapping, genome sequencing with all other modern technologies need to run alongside conventional breeding approaches to achieve success.
